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介孔 Al2O3 负载氧化镍催化剂（Ni/MA）和商品γ-Al2O3 负载氧化镍催化剂
（Ni/CA）相比较，Ni-MA 催化剂有着优越的 ODHP 反应性能，即更高的催化活
性和更高的丙烯选择性。在 475 oC、C3H8/O2/N2 = 1/1/4 和 GHSV = 1.0×104 ml
﹒g-1﹒h-1 的反应条件下，有着 11.3%的丙烯收率，且丙烯选择性达到 58%，该选
择性是目前关于镍基催化剂文献报道中获得相似丙烯收率的 高选择性。 
研究表明，Ni-MA 催化剂中镍物种主要以镍-铝氧化物固溶体存在，处于高
分散状态，其 TPR 峰温介于 NiO 与 NiAl2O4 之间。浸渍法制备的 Ni/MA 催化剂
在较低负载量时（< 15 wt%），镍物种与载体强相互作用生成难还原的 NiAl2O4，
在较高负载量时在生成 NiAl2O4 的同时，有 NiO 晶相生成。以商业γ-Al2O3 为载
体、浸渍法制备的 Ni/CA 催化剂上镍物种的分散程度 差。该催化剂在负载量
低至 5 wt%时，就可以检测到少量 NiO 的存在。关联催化剂表征与反应结果认为，


































































The selective oxidation of low carbon alkane is one of the greatest challenges of 
the present catalysis research, in which the oxidative dehydrogenation of propane 
(ODHP) is fairly crucial because of its promising industrial potential. Until now, the 
vanadium- and molybdenum-based catalysts have been regarded as the main and 
better catalysts for this reaction. But the reaction temperature are usually as high as 
550 oC, even above. Under such condition, the product of propylene is prone to have 
depth oxidation to byproduct because the propylene is much more active than propane. 
As a result, the selectivity toward propylene will decrease. Therefore it is of 
significance to reduce the reaction temperature and to synthesize a series of 
low-temperature catalyst obtaining high selectivity to propylene. In this work, we 
prepare a class of alumina-supported nickel oxide catalysts and systematically 
research the influence of preparation method on the structure, surface character and 
ODHP performance of the catalysts. What is more, the relationship between 
performance and structure has been studied. The main results are as follow: 
A series of highly ordered mesoporous alumina-supported nickel oxide catalysts 
(Ni-MA) with large surface area and high thermal stability were successfully 
synthesized by a sol-gel one-pot approach with triblock copolymer as a structure 
directing agent. The catalysts were tested for the ODHP reaction. The results showed 
that compared with the catalysts prepared by impregnation using mesoprous alumina 
as support (Ni/MA) and the catalysts prepared by impregnation using commercial 
alumina as support (Ni/CA), the Ni-MA catalysts showed better catalytic 
performances, which had the propylene yield of 11.3% and the selectivity to 
propylene of 58% under the following conditions: TR = 475 oC; C3H8 / O2 / N2 = 1 / 1 / 
4; GHSV=1.0×104ml﹒g-1﹒h-1. This selectivity is considerably higher than those of 















N2-asorption, XRD, TEM, UV-VIS, and H2-TPR techniques have been utilized to 
characterize the catalysts. The results revealed that the nickel species in the Ni-MA 
catalysts are highly dispersed and presented in the form of Ni-Al oxide solid solution. 
Their TPR peak temperatures located between those of NiO and NiAl2O4. Compared 
to Ni-MA, the catalysts prepared by impregnation showed nickel species with much 
lower dispersion. In the case of Ni/MA, Ni species interacted strongly with the 
support producing NiAl2O4 at loadings below 15 wt % NiO, and aggregated into NiO 
crystal at higher loadings. For Ni/CA catalysts, the impregnated samples with 
commercial γ-Al2O3 as the support, small amount of NiO could be detected at a 
loading as low as 5 wt%. Combining the results of catalytic reaction and catalyst 
characterization, it is assumed that the superior catalytic performances of Ni-MA 
catalysts are closed related to their nickel species with higher dispersion and moderate 
reducibility. Moreover, the large surface area and ordered mesoporous structure, 
which can allow efficient molecular transport and heat distribution during the ODHP 
reaction, are also beneficial to improve the catalytic activity and selectivity of the 
catalysts.  
Furthermore，the method of synthesis of Ni-MA catalysts has been extended to 
the one-pot synthesis of mesoporous alumina supported Ni–Co bimetal oxide catalysts 
(NiCo-MA). It was found that the synthesized NiCo-MA catalysts showed better 
ODHP performance than the supported single metal oxide catalysts (Ni-MA and 
Co-MA). The supported bimetal oxide catalysts were also prepared by impregnation 
method (NiCo/MA), and the differences in structure and performance between 
NiCo-MA and NiCo/MA catalysts were studied. The results showed that the catalysts 
by one-pot synthesis have larger surface area, ordered mesoporous structure as well as 
higher dispersion of catalytically active components, thus displaying higher catalytic 
activity and enhanced propylene selectivity.  
 
Key words: Propane, oxidative dehydrogenation, mesoporous alumina, nickel 
























总消费量的 41% 左右。在此之中，中国现已全面超越日本成为亚洲 大的丙烯
消费国。而根据推算，从 2007 年到 2012 年，世界丙烯消费量将以年均 4.4% 的
速率快速增长，如图 1.1 所示，其供需差距将持续增大。 
 

























































 C3H8 = C3H6 + H2  -124KJ/mol (1-1) 















烯 弱的 C–H 键键能(360.7 kJ/mol)小于丙烷的 C–H 键键能(401.3 kJ/mol)，前者
较后者更不稳定，更容易被氧化。 
 C3H8 + 5O2 = 3CO2 + 4H2O (1-3) 
                       C3H8 + 7/2O2 = 3CO + 4H2O                  (1-4) 
 C3H6 + 9/2O2 = 3CO2 + 3H2O (1-5) 
























由基，然后丙基自由基再断裂终端 C–H 键形成丙烯，具体过程可表示如下： 
 C3H8 + O2 = C3H7·+ HO2 (1-7) 
 CH3CH·CH3+O2 = C3H6+HO2 (1-8) 
 CH3CH2CH2· = C2H4+CH3 (1-9) 
 C3H8 + HO2· = C3H7· + H2O2 (1-10) 
 H2O2 = 2OH (1-11) 
 C3H8+OH· = C3H7· + H2O (1-12) 
在式(1-7)中，氧与丙烷发生反应，丙烷断裂一个氢原子生成丙基自由基，一




键 β位剪切，得到乙烯和甲基自由基(1-9)，而后者为产物 COx 与 CH4 的前驱体[8]。
在该反应过程中，还存在其它的链增加和链终止步骤，生成 H2，CH4，CO，CO2
和 H2O 等。由于亚甲基的 C–H 键键能比甲基的 C–H 键键能低 15 kJ/mol，在一
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